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(54) PLASMA TREATMENT APPARATUS AND PLASMA TREATMENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To enable treatment with the less 
contamination with the impurities occurring in the inside walls and the 
component members of the microwave introducing window of a plasma 
enhanced CVD apparatus and more particularly at a lower content of 
impurity oxygen by incorporating aluminum nitride into at least part of 
the component members of the inside wall surfaces of a plasma 
forming chamber or the microwave introducing window. 
SOLUTION: The inside walls in contact with the plasma of the plasma 
forming chamber 1 of the ECR plasma DVD apparatus are composed 
of the inside walls 1 5 made of the aluminum nitride. While the method 
for formation of the inside walls 1 5 are not particularly limited, the fitting 
of a bell-jar made of the aluminum nitride into the plasma forming 
chamber 1 or the formation of the thin film-like aluminum nitride by 
means, such as sputtering, suffices. Microwaves are introduced into the 
plasma forming chamber 1 by propagation of a microwave guide 1 1 
and, further, by passage through the microwave introducing window 12 
made of the aluminum nitride. As a result, the supply of the oxygen 
component, such as H20, in the plasma by the reaction of the inside 
wall surfaces 1 5 with hydrogen active species or the sputtering of the 
microwave introducing window 12 is averted. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Plasma treatment equipment with which some [ at least ] configuration members of the internal surface of a 
plasma production room are characterized by coming to contain alumimium nitride. 

[Claim 2] Plasma treatment equipment with which some [ at least ] configuration members of the internal surface of said 
microwave installation aperture are characterized by coming to contain alumimium nitride in the plasma treatment 
equipment which has the microwave installation aperture which attends a plasma production room. 
[Claim 3] Said microwave installation aperture is plasma treatment equipment according to claim 2 characterized by 
having the laminated structure of a quartz (Si02) and alumimium nitride. 

[Claim 4] The plasma treatment approach that some [ at least ] configuration members of the internal surface of a plasma 
production room are characterized by performing plasma treatment with the plasma treatment equipment which comes to 
contain alumimium nitride. 

[Claim 5] The plasma treatment approach that some [ at least ] configuration members of the internal surface of said 
microwave installation aperture are characterized by performing plasma treatment with the plasma treatment equipment 
which comes to contain alumimium nitride while having the microwave installation aperture which attends a plasma 
production room. 

[Claim 6] Said microwave installation aperture is the plasma treatment approach according to claim 5 characterized by 
having the laminated structure of a quartz (Si02) and alumimium nitride. 

[Claim 7] Said plasma treatment is the plasma treatment approach claim 4 characterized by being the plasma-CVD 
process which forms one side on a processed substrate even if there are little metal membrane and metal nitride film 
either thru/or given in 6 any 1 terms. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the plasma treatment approach using the plasma treatment equipment and 
this which have the description in the purity of plasma treatment in more detail about the plasma treatment equipment and 
the piasma treatment approach which are used by the production process of a semiconductor device etc. 
[0002] 

[Description of the Prior Art] The design rule of semiconductor devices, such as LSI, makes it detailed to the level of a 
quarter micron to a subquarter micron, and multilayer-interconnection structure follows on being used abundantly, and it is 
in the inclination for the aspect ratio of the connection hole for connecting the upper wiring and lower layer wiring to also 
increase. For example, in the semiconductor device of a 0.18-micrometer design rule, to 0.2 micrometers of diameters of 
opening of a connection hole, since the thickness of an interlayer insulation film is about 1 .0-2.0 micrometers, an aspect 
ratio amounts to 5-10. Start, and in order are detailed and to attain reliable multilayer-interconnection structure with the 
connection hole of a high aspect ratio After forming thinly metal nitride film, such as metal membranes, such as Ti for 
ohmic contacts, and TiN which is the barrier metal which prevents diffusion of a wiring material, in a connection hole, The 
approach which forms a contact plug and the upper wiring and is filled up with a connection hole with elevated- 
temperature sputtering of aluminum system metal, the selection CVD of W (tungsten), or Blanket CVD is being adopted. 
[0003] Usually, in order to form Ti metal membrane and the TiN nitride film, sputtering which used Ti metal of bulk as the 
target ingredient, and reactive sputtering are performed, but by these sputtering approach, in order to solve the problem of 
the step coverage (step coverage nature) which is not solved, the formation approach of Ti film or the TiN film by the CVD 
method using the chemical reaction in a processed substrate front face is expected. 

[0004] the CVD approach of Ti system ingredient film by which the current proposal is made — dividing roughly -- 
Prod 1th. Int.lEEE TiCI4 it is reported to 31 page (1993) a semi-conductor, the 44th time symposium lecture collected 
works of integrated-circuit technical, etc. that is an approach using organometallic compounds, such as TDMAT reported 
to VMIC, p440 (1994), etc. and TDEAT, etc. - there are two kinds of approaches using an inorganic system metal 
halogenide. 

[0005] TiCI4 which is the latter metal halogenide H2 The reduction reaction in the heat CVD of Ti film by the molecule is 
endothermic reaction given by the degree type (1) f and is the system to which a reaction cannot progress easily 
thermodynamically (deltaG expresses the standard heat of formation). Moreover, a membrane formation configuration is 
conformal, and since it deposits also on the side attachment wall of a connection hole by uniform thickness not to mention 
the front face of an interlayer insulation film, or the pars basilaris ossis occipitalis of a connection hole, the aperture width 
of a connection hole becomes difficult [ embedding, such as narrowing and W, ]. 
TiCI4+2H2 ->Ti+4HCI deltaG=393.3 kJ/mol (1) 

[0006] For this reason, H2 It dissociates in the plasma and membrane formation of Ti film by the piasma CVD using the 
reduction reaction by H atom or H active species attracts attention. This reaction turns into exothermic reaction shown by 
the degree type (2). 

TiCI4+4 H->Ti+4HCI deitaG=-478.6 kJ/mol (2) 

[0007] Therefore, a reaction tends to advance easily and the membrane formation of formation of Ti system ingredient film 
by plasma CVD at low temperature is also attained comparatively. Although it is good with usual parallel plate mold 
plasma-CVD equipment as plasma-CVD equipment, according to the plasma-CVD equipment using sources of the high 
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density plasma, such as ECR (Electron Cyclotron Resonance) plasma, ICP (Inductively Coupled Plasma), or helicon wave 
plasma, it is advantageous acceleration of a reduction reaction, the improvement in a membrane formation rate, or in 
respect of homogeneity. 
[0008] 

[Problem(s) to be Solved by the Invention] The wall of the plasma production room of these plasma-CVD equipment is 
usually formed with the quartz (Si02) for prevention, such as heavy metal pollution of a processed substrate. H2 
introduced as a reducing agent on the other hand in case plasma-CVD membrane formation of the Ti system ingredient 
film is carried out Gas serves as hydrogen active species of an excitation state while being dissociated by the hydrogen 
atom by the collision with the electron in the plasma, these hydrogen active species -- TiCI4 etc. - it not only returns 
metallic-compounds gas, but it returns the quartz of a plasma production room wall like a degree type. 
Si02+8 H->SiH4+H2 O (3) 

H2 O generated at this reaction is further dissociated as [ this ] or in the plasma, and becomes an oxygen atom or oxygen 
active species. Ti metal is rich in reactivity with oxygen, and since the Ti oxide is more stable than Si oxide, moreover, Ti 
metal membrane oxidizes easily, so that clearly from being adopted as reduction of the residual oxygen in vacuum 
devices with the sublimation pump (Sublimation Pump). For this reason, Ti metal membrane and the TiN film which 
oxygen and silicon in the quartz returned by hydrogen active species during plasma-CVD membrane formation of Ti 
system ingredient film were taken in Ti system ingredient film, and contained a lot of oxygen as an impurity are formed. 
[0009] Moreover, in an ECR plasma-CVD system, a metal membrane may adhere to the microwave installation aperture 
made from a quartz which introduces 2.45GHz microwave, and the permeability of microwave may deteriorate. In order to 
prevent this, 13.56MHz RF is impressed to the microwave installation aperture made from a quartz, and Ti system 
ingredient film is formed, reverse sputtering by Ar ion removing the metal membrane which adhered here. However, in this 
case, sputter etching also of the microwave installation aperture front face made from a quartz is carried out with Ar ion, 
and a lot of silicon and oxygen are taken in Ti system ingredient film. 

[0010] Drawing 4 is a graph explaining this problem, and, in forming Ti metal membrane with the ECR plasma CVD 
system which has a microwave installation aperture made from a quartz, is an example at the time of forming membranes, 
carrying out reverse sputtering of the Ti metal membrane which introduces Ar gas near the microwave installation 
aperture, and adheres to a microwave installation aperture. In drawing 4 , the concentration of the impurity content in Ti 
metal membrane formed on the processed substrate at the axis of ordinate in RF power impressed to a microwave 
installation aperture, i.e., silicon, and oxygen is taken along the axis of abscissa, respectively. The inclination which the 
silicon in Ti metal membrane and the concentration of oxygen also increase is clear as RF power impressed to a 
microwave installation aperture increases so that clearly from this drawing. 

[001 1] The trouble at the time of using for contact metal with the impurity diffused layer of a silicon substrate this Ti system 
ingredient film, especially Ti metal membrane which contains oxygen as an impurity is shown in drawing 5 (a) - (b). Among 
these, drawing 5 (a) is the outline sectional view expanding and showing the connection hole pars basilaris ossis 
occipitalis at the time of forming the Ti metal membrane 32 and the TiN film 35 containing oxygen by the plasma-CVD 
method in the connection hole which faced and carried out opening to the impurity diffused layer 31 of a silicon substrate. 
When heat treatment is added in a next process, the Ti metal membrane 32 which contains oxygen as shown in drawing 5 
(b) causes an impurity diffused layer 31 and a silicide-ized reaction, and is TiSi2. The oxygen in the Ti metal membrane 32 
which contains oxygen while forming the film 33 deposits in an interface with the upper TiN film 35, and is TiOx of high 
resistance. The film 34 is formed. TiOx The film 34 is TiSi2. Since the electric flow between the film 33 and the TiN film 35 
is blocked, contact resistance goes up. Therefore, in order to form the contact plug of low resistance, it is important in Ti 
metal membrane to prevent the phenomenon in which oxygen is taken, as much as possible. Although the above 
described the impurity contamination in the ECR plasma CVD system which has a microwave installation aperture made 
from a quartz, the same trouble is pointed out also in the plasma etching system and the plasma-etching approach of 
having the same plasma production room and a microwave installation aperture. 

[0012] This invention is proposed in view of the trouble mentioned above. That is, the technical problem of this invention is 
offering the plasma treatment equipment which can perform impurity contamination resulting from the wall of plasma-CVD 
equipment, or the component of a microwave installation aperture, especially plasma treatment with few oxygen contents 
as an impurity, and the plasma treatment approach. 
[0013] 

[Means for Solving the Problem] This invention is proposed in order to solve an above-mentioned technical problem. 
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Namely, as for the plasma treatment equipment of this invention, some [ at least ] configuration members of the internal 
surface of a plasma production room are characterized by coming to contain alumimium nitride. 

[0014] Moreover, in the plasma treatment equipment which has the microwave installation aperture which another plasma 
treatment equipment of this invention faces a plasma production room, some [ at least ] configuration members of the 
internal surface of this microwave installation aperture are characterized by coming to contain alumimium nitride. As a 
mode with this desirable microwave installation aperture, it is desirable to have the laminated structure of a quartz (Si02) 
and alumimium nitride. 

[0015] Next, the plasma treatment approach of this invention is characterized by some [ at least ] configuration members 
of the internal surface of a plasma production room performing plasma treatment with the plasma treatment equipment 
which comes to contain alumimium nitride. 

[0016] Moreover, while the another plasma treatment approach of this invention has the microwave installation aperture 
which attends a plasma production room, some [ at least ] configuration members of the internal surface of this microwave 
installation aperture are characterized by performing plasma treatment with the plasma treatment equipment which comes 
to contain alumimium nitride. It is desirable to use what has the laminated structure of a quartz (Si02) and alumimium 
nitride as a mode with this desirable microwave installation aperture. 

[0017] Although it is applicable to all of plasma treatment processes accompanied by generating of the plasma, such as a 
plasma-CVD process, a plasma-etching process, or a sputtering process, the plasma treatment in the plasma treatment 
approach of this invention can be preferably applied, in case it is the plasma-CVD process which forms one side on a 
processed substrate, even if there are little metal membrane and metal nitride film either. 

[0018] It moves to explanation of the operation to the next. Since the plasma production room wall with which conventional 
plasma treatment equipment touches the plasma, or the microwave installation aperture was constituted by the quartz, 
reduction or reverse sputtering of this quartz front face was carried out, and the oxygen which is a configuration element of 
a quartz had affected the processed substrate as an impurity. Since the wall or microwave installation aperture of a 
plasma production room which touches the plasma is constituted by an oxygen free-lancer's alumimium nitride according 
to the plasma treatment equipment of this invention, even if sputtering of the alumimium nitride front face is carried out, 
the effect of oxygen to a processed substrate is not generated theoretically. Moreover, since the hydride of aluminum is a 
compound which cannot volatilize comparatively easily, that an alumimium nitride front face is returned by hydrogen active 
species at the time of plasma treatment will not have a possibility that an oxygen component may be emitted into the 
plasma, even if it is few and is returned. 

[0019] It becomes possible by the oxygen as an impurity or plasma treatment without the effect of silicon becoming 
possible, especially applying to plasma-CVD membrane formation of Ti metal membrane or the TiN film by adoption of the 
plasma treatment equipment of this invention, to form the contact metal of low resistance etc. 
[0020] 

[Embodiment of the Invention] Hereafter, with reference to an accompanying drawing, it explains per example of a gestalt 
of concrete operation of this invention. 

[0021] Although this invention is applicable to both the plasma-CVD equipment by parallel plate mold plasma treatment 
equipment, microwave installation aperture type ECR plasma treatment equipment, the ECR plasma treatment equipment 
of microwave induction and bell jar mold plasma production room one apparatus, the ICP processor, or helicon wave 
plasma-treatment equipment, a plasma etching system, etc. as plasma-treatment equipment, the ECR plasma CVD 
system which has the microwave installation aperture which attends a plasma-production room in the example of a gestalt 
of the following operations is taken for an example, and detailed explanation is added. 

[0022] The example of an outline configuration of the ECR plasma CVD system which applied this invention is explained 
with reference to drawing 1 . The ECR plasma CVD system shown in drawing 1 consists of a profile plasma production 
room 1 and a plasma treatment room 2. The wall which touches the plasma of this plasma production room 1 is 
constituted by the wall 15 made from alumimium nitride. What is necessary is to insert ** RUJA made from alumimium 
nitride in the plasma production room 1, to stick the plate made from alumimium nitride, or just to form thin film-like 
alumimium nitride with means, such as sputtering, CVD, or a plasma metal spray, although especially the formation 
approach of this wall 15 made from alumimium nitride is not limited. The plasma production room 1 is made to spread 
microwave waveguide 11, and the 2.45GHz microwave generated in the non-illustrated magnetron is made to introduce 
into it through the microwave installation aperture 12 made from alumimium nitride further. Except for the rectangle part of 
the core where microwave is introduced actually, the electrode (un-illustrating) to which RF generator 13 is connected is 
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formed in the microwave waveguide 1 1 side of this microwave installation aperture 12 made from alumimium nitride, and it 
has the composition that reverse sputtering can remove the metal membrane adhering to this microwave installation 
aperture 12 made from alumimium nitride etc. The electrode itself which is not illustrated [ this ] cannot be formed in the 
microwave installation aperture 12 made from alumimium nitride, but contacting the electrode (un-illustrating) drawn from 
RF generator 1 3 to the microwave waveguide 1 1 side of the microwave installation aperture 1 2 made from alumimium 
nitride can also discover the reverse sputtering effectiveness to it. A sign 16 is a solenoid coil. Moreover, the 1st gas 
installation hole 14 which introduces rare gas, such as hydrogen gas and Ar, is connected to the plasma production room 
1. 

[0023] The electromagnet 23 for mirror magnetic field formation is arranged in the rear face of the substrate stage 22 
which lays the processed substrate 21 in one plasma treatment room 2, and this substrate stage 22, respectively. A 
heating means by which this is not illustrated, either, and the high permeability magnetic substance (un-illustrating) with 
which the include angle of the metal ion which carries out incidence is corrected to a processed substrate to a processed 
substrate at an abbreviation perpendicular are arranged in the substrate stage 22. A sign 25 is a flueing hole connected to 
the vacuum pump through the conductance bulb etc. Between the plasma production room 1 and the plasma treatment 
room 2, it is inserted so that the 2nd gas installation hole 24 for introducing metal halogenide gas may serve as symmetry 
arrangement on the processed substrate 21 . In addition, in drawing 1 t the equipment details of others, such as a 
conveyance means, a massflow controller, etc. of a processed substrate, omit a graphic display. In addition, an 
alumimium nitride member may also constitute the internal surface of a plasma treatment room. 

[0024] By this equipment configuration, the mixed gas of the hydrogen gas introduced from the 1st gas installation hole 14 
and rare gas serves as ECR plasma of high density by the interaction of the 2.45GHz microwave introduced from the 
microwave installation aperture 12 made from alumimium nitride, and the field which is 0.0875T which a solenoid coil 16 
generates, and generates hydrogen active species. Some metal halogenides introduced from the 2nd gas installation hole 
24 are returned to a metal neutral kind by this hydrogen active species, and further, this metal neutral kind collides with 
rare gas ion or an electron, is ionized, and serves as a metal ion. On the other hand, some other metal halogenides 
introduced from the 2nd gas installation hole 24 collide with the rare-gas active species in the plasma, or an electron, and 
it serves as a direct metal ion. These metal ions are pulled out by the field gradient of the divergence magnetic field which 
a solenoid coil 16 forms towards the processed substrate 21 . The direction of incidence is corrected by the electromagnet 
23 and the high permeability magnetic substance for mirror magnetic field formation, and incidence of the metal ion which 
carries out incidence aslant towards the periphery of the processed substrate 21 is mostly carried out perpendicularly to 
the principal plane of the processed substrate 21. Therefore, also in the pars basilaris ossis occipitalis of the large 
connection hole of an aspect ratio, formation of the metal membrane metallurgy group nitride film with the sufficient 
symmetric property of coverage is possible. 

[0025] According to the ECR plasma CVD system shown in drawing 1 , since the internal surface which touches the 
plasma of the plasma production room 1 is constituted by the wall 15 made from alumimium nitride, oxygen components, 
such as H2 O, are not supplied by the reaction of this internal surface and hydrogen active species into the plasma. 
Moreover, there is also no possibility that an oxygen component may be supplied by sputtering of the microwave 
installation aperture 12 made from alumimium nitride into the plasma. Therefore, if a take lump of the oxygen to the inside 
of the film is prevented and it uses for formation of the contact plug of a semiconductor device etc. also when forming Ti 
system ingredient film which is very easy to oxidize, such as Ti metal membrane and TiN film, it will become possible to 
form the multilayer-interconnection structure of low resistance. 
[0026] 

[Example] Hereafter, a concrete example explains this invention in more detail. The following examples are examples 
which formed Ti metal membrane and the TiN layer continuously, and formed the contact plug in the connection hole of 
the semiconductor device which has multilayer-interconnection structure with the microwave installation aperture type 
ECR plasma CVD system mentioned above. In addition, this invention is not limited at alt by these examples. 
[0027] Example 1 this example is an example which formed Ti metal membrane and the TiN layer continuously using the 
ECR plasma CVD system which created the microwave installation aperture with the veneer of alumimium nitride while 
constituting a plasma production room wall from a liner made from alumimium nitride. 

[0028] The microwave installation aperture type ECR plasma CVD system used the thing according to the equipment 
previously explained with reference to drawing 1 . The diameter of the microwave installation aperture 12 made from 
alumimium nitride of this example is 80mm, and used the alumimium nitride veneer with a thickness of 3mm. Plate-like is 
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sufficient as this alumimium nitride veneer, and it may have the shape of a curved surface from which the microwave 
waveguide tubeside became a convex. 

[0029] By the way, as for the microwave installation aperture made from a quartz used for the conventional ECR plasma 
CVD system, the quartz veneer with a thickness of about 10mm was used. Having set thickness of the microwave 
installation aperture 12 made from alumimium nitride to 3mm in this example is based on the difference of the microwave 
permeability of a quartz, and the microwave permeability of alumimium nitride. That is, in order to obtain microwave 
permeability equivalent to the quartz veneer of 10mm thickness, it is desirable to set thickness of the alumimium nitride 
veneer to 3mm or less. 

[0030] The connection hole which faces [ the impurity diffused layer which it formed active elements, such as an MOS 
transistor, etc. in semi-conductor substrates, such as silicon of the diameter of 8 inch, although the graphic display was 
omitted, and formed interlayer insulation films, such as silicon oxide, on this, and was formed in this semi-conductor 
substrate ] the processed substrate adopted by this example is formed. The thickness of an interlayer insulation film is 
[ 0.2 micrometers and the aspect ratio of the diameter of opening of 2 micrometers and a connection hole ] about 10. 
[0031] It lays on the substrate stage 22 of the ECR plasma CVD system which showed the natural oxidation film and 
contamination on the front face of an impurity diffused layer which are exposed to a connection hole pars basilaris ossis 
occipitalis after clearance washing, and showed this processed substrate to drawing 1 by rare fluoric acid etc. They are H 
atom and H+ by introducing H2 / Ar mixed gas into the plasma production room 1 from the 1st gas installation hole 14, 
and carrying out plasma excitation by ECR discharge. Hydrogen active species, such as ion, are generated. 
[0032] The inclination of the divergence magnetic field of a solenoid coil 16 draws out the plasma of H2 / Ar mixed gas 
containing hydrogen active species in the plasma treatment room 2. TiCI4 introduced from the 2nd gas installation hole 24 
at the plasma treatment room 2 Gas is returned by this hydrogen active species, and Ti metal membrane is formed on the 
processed substrate 21. An example of the plasma-CVD conditions of Ti metal membrane is shown below. 
H2 Flow rate 80-140 seem Ar flow rate 170-300 seem TiCI4 Flow rate 2-7 seem Microwave power 2.8 kW (2.45GHz) 
Processed substrate temperature 100 - 500 ** book plasma-CVD conditions, especially a quantity-of-gas-flow ratio are 
TiCI4 as proposed as a Japanese-Patent-Application-No. No. 336309 [ seven to ] description for which this invention 
person applied previously. They are the conditions which can fully be returned by hydrogen active species. This flow rate 
can be specified from a hydrogen atom line and the luminescence spectrum of chlorine on the strength. 
[0033] At this plasma-CVD process, the phenomenon in which oxygen is taken and crowded in Ti metal membrane can be 
effectively reduced having adopted the wall 15 made from alumimium nitride as the plasma production room 1, and by 
having adopted the ECR plasma CVD system which adopted the microwave installation aperture 12 made from 
alumimium nitride. 

[0034] Then, the TiN film is formed as a barrier metal on Ti metal membrane within the same ECR plasma CVD system. 
An example of the plasma-CVD conditions of the TiN film is shown below. 

H2 Flow rate 40-70 seem N2 Flow rate 80-140 seem Ar flow rate 120-200 seem TiCI4 Flow rate 5-10 seem Microwave 
power 2.8 kW (2.45GHz) 

Processed substrate temperature 100-500 ** [0035] Also in this plasma-CVD process, the phenomenon in which oxygen 
is taken and crowded in the TiN film as well as the plasma-CVD process of Ti metal membrane can be reduced effectively. 
Therefore, TiSix formed when the heat treatment process accompanied by a silicide reaction is given to next TiOX of the 
high resistance to the interface of the film and the TiN film The film is not formed. 

[0036] Then, aluminum system metal membrane is formed by elevated-temperature sputtering etc. as the upper wiring 
layer or a contact plug ingredient. Besides as a layer wiring layer or a contact plug ingredient, the tungsten film may be 
adopted as the refractory metal film by Blanket CVD etc., and an example. Then, the upper wiring is formed by carrying 
out patterning of the laminated structure of Ti metal membrane / TiN film / aluminum system metal membrane on an 
interlayer insulation film using a resist mask. When considering as a contact plug, it is CMP (Chemical Mechanical 
Polishing) about the laminated structure of Ti metal membrane / TiN film / aluminum system metal membrane on an 
interlayer insulation film. What is necessary is just to remove. 

[0037] While Ti metal membrane with the sufficient symmetric property of thickness is formed also in the large connection 
hole pars basilaris ossis occipitalis of an aspect ratio of the effectiveness of the high permeability magnetic substance that 
Ti metal membrane and the TiN film which were formed by this example were arranged in the electromagnet 23 and the 
substrate stage 22 for mirror magnetic field formation, the thickness of the side-attachment-wall part of a connection hole 
is formed more thinly than the thickness of a connection hole pars basilaris ossis occipitalis. Therefore, it is embedded, 
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without the aspect ratio of a connection hole not becoming large too much, and aluminum system metal and the refractory 
metal as the upper wiring layer or a contact plug ingredient generating a void etc. in a connection hole like [ in the case of 
a conformal CVD method ]. 

[0038] Moreover, since Ti film was formed after the pure diffusion layer front face had been exposed to the connection 
hole pars basilaris ossis occipitalis, it is possible for Ti silicide (un-illustrating) to be formed in the interface of a semi- 
conductor substrate and Ti metal membrane, and to form the contact plug of low resistance. Then, the TiN film is formed if 
needed, the inside of a connection hole is embedded by W by aluminum system metal or Blanket CVD etc., and a contact 
plug or the upper wiring is formed. 

[0039] Adopting the quartz veneer with 1 0mm [ in thickness ], and a diameter of 80mm as an example microwave 
installation aperture of a comparison, the conventional ECR plasma CVD system which also constituted the internal 
surface of a plasma production room from a quartz was used, and also a processed substrate and plasma-CVD conditions 
formed Ti metal membrane and the TiN film like the example 1. 

[0040] They are after silicide heat treatment and SIMS (Secondary Ion Mass Spectrometer) about the laminated structure 
of the Si/Ti metal membrane / TiN film formed on the impurity diffused layer of Si substrate by the above example 1 and 
example of a comparison. The chart of the result analyzed in the membranous depth direction is shown in drawing 2 (a) - 
(b). Among these, drawing 2 (a) depends what is depended on the sample of the example 1 which formed membranes 
with the ECR plasma CVD system which has the microwave installation aperture and plasma production room wall made 
from alumimium nitride, and drawing 2 (b) on the sample of the example of a comparison which formed membranes with 
the ECR plasma CVD system which has the microwave installation aperture and plasma production room wall made from 
a quartz. 

[0041] Sputtering clearance is carried out with Ar ion from a TiN film front-face side, and SIMS analysis measures each 
secondary ionic strength detected, and sputtering time amount is taken along an axis of abscissa, and it has taken 
secondary detection ionic strength along the axis of ordinate, respectively. Drawing 2 (a) With each chart of - (b), left-hand 
side is equivalent to the front-face side of a laminated structure, and right-hand side is equivalent to the silicon substrate 
side of a laminated structure. 

[0042] Drawing 2 (a) If each chart of - (b) is compared, they are the TiN film and TiSix. As for the peak intensity of the 
secondary ion of the oxygen detected from near the membranous interface, the direction of drawing 2 (a) has become 
smaller a figure single [ about ] than the chart of drawing 2 (b). (Moreover, the width of face, i.e., TiOx, Also in 
membranous thickness, the direction of the sample of the example 1 of drawing 2 (a) is thin.) The oxygen density in Ti 
metal membrane of the example 1 which formed membranes with the ECR plasma CVD system with which this has the 
microwave installation aperture and plasma production room wall made from alumimium nitride, and the TiN film shows 
that it is decreasing substantially rather than the oxygen density in Ti metal membrane of the example of a comparison 
which formed membranes with the ECR plasma CVD system which has the microwave installation aperture and plasma 
production room wall made from a quartz, and the TiN film. 

[0043] Example 2 this example is an example which made the microwave installation aperture of an ECR plasma CVD 
system the laminated structure of alumimium nitride and a quartz, and other equipment structures apply to the ECR 
plasma CVD system explained in the example 1 correspondingly. Therefore, the overlapping explanation is omitted and 
explains only the structure of a microwave installation aperture with reference to drawing 3 . 

[0044] The outline sectional view of the microwave installation aperture 12 made from alumimium nitride adopted by this 
example is shown in drawing 3 . That is, only the side which faces the plasma production room of the quartz plate 17 with 
7mm [ in thickness ] and a diameter of 80mm has a laminated structure which stuck the alumimium nitride plate 18 with a 
thickness of 2mm with silicone system adhesives with a thickness of 20 micrometers. Moreover, the heat deterioration of 
silicone system adhesives is prevented by forming the cooling piping 19 in contact with the microwave installation tubing 
11 side, pouring refrigerants, such as cooling water, in this, and cooling at 200 degrees C or less. In addition, although the 
laminated structure of this example is the structure which prepared spot facing in a part for the center section of the quartz 
plate 17, and pasted up the alumimium nitride plate 18 here, it may not prepare spot facing but may paste up an 
alumimium nitride plate on a flat quartz plate. Moreover, as adhesives, as long as it does not bar transparency of 
microwave, you may be except silicone system adhesives. 

[0045] By making a microwave installation aperture into a laminated structure like this example, as compared with the 
alumimium nitride veneer, while being able to design the overall thickness of a microwave installation aperture greatly, the 
permeability of microwave is also secured. Therefore, the reinforcement to heat stress, the mechanical stress by the 
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pressure differential of the plasma production interior of a room (reduced pressure) and microwave waveguide 
(atmospheric pressure), etc. improves. 

[0046] With the ECR plasma CVD system which adopted the microwave installation aperture 12 made from alumimium 
nitride shown in drawing 3 , Ti metal membrane and the TiN film were formed on the same processed substrate according 
to the same plasma-CVD conditions as the before example 1 . In the sample of this example which performed silicide-ized 
heat treatment after this, when ultimate analysis of the depth direction was carried out by SIMS, the same result as the 
chart of drawing 2 (a) was obtained. That is, even if it adopted the microwave installation aperture of a laminated structure, 
and the plasma production room wall made from alumimium nitride and formed Ti metal membrane and the TiN film, it 
became clear that the oxygen density in the film can be reduced substantially from the oxygen density in Ti metal 
membrane of the example of a comparison which formed membranes with the ECR plasma CVD system which has the 
microwave installation aperture and plasma production room wall made from a quartz, and the TiN film. 
[0047] As mentioned above, although detailed explanation was added for the plasma treatment equipment and the plasma 
treatment approach of this invention by two examples and the examples of a comparison, various kinds of embodiments 
are possible for this invention, without being limited to these examples. For example, although microwave installation 
aperture type plasma-CVD equipment was illustrated as plasma-CVD equipment, the microwave induction of a **RUJA 
mold which does not have a microwave installation aperture, the ECR plasma CVD system of plasma production room 
one apparatus, ICP equipment, helicon wave plasma-CVD equipment, or parallel plate mold plasma CVD is applicable to 
all plasma-CVD equipment, plasma etching systems, etc. 

[0048] As the plasma-CVD approach, although membrane formation of Ti metal membrane and the TiN film was 
illustrated, it is applicable to the plasma CVD of the various metal membrane metallurgy group nitride film with which 
reduction of mixing of an oxygen component is desired, plasma etching, etc. 

[0049] Although the silicon substrate which has the connection hole which attends an impurity diffused layer as a 
processed substrate which forms a metal membrane and the metal nitride film was illustrated, you may apply to magnetic 
devices, such as a semi-conductor substrate which has the connection hole expected to lower layer wiring of aluminum 
system metal, polycrystalline silicon, etc. or a silicon substrate which adopts a salicide process, and another optical 
recording disk, a magneto-optic-recording disk, the thin film magnetic head, other electron devices, etc. 
[0050] 

[Effect of the Invention] According to the plasma treatment equipment of this invention, the inconvenience by which the 
oxygen component resulting from a quartz which is the component of the conventional plasma production room wall or a 
microwave installation aperture is emitted into the plasma is avoidable so that clearly from the above explanation. 
[0051] Moreover, according to the plasma treatment approach of this invention, the plasma treatment which reduced the 
effect of an oxygen component to a processed substrate becomes possible. Therefore, if it applies to membrane formation 
of the contact metal of the multilayer-interconnection structure of a highly-integrated semiconductor device, or barrier 
metal, the multilayer interconnection of low resistance can be realized and it will become possible to offer a reliable 
semiconductor device. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the outline sectional view showing an example which applied the plasma treatment equipment of this 
invention to plasma-CVD equipment. 

[Drawing 2] It is the chart which shows the SIMS ultimate analysis of the direction of thickness after silicide heat treatment, 
and the thing and drawing 2 (b) which depend drawing 2 (a) on the plasma-CVD equipment of this invention depend the 
cascade screen of Ti metal membrane formed on the impurity diffused layer of a silicon substrate, and the TiN film on 
conventional plasma-CVD equipment. 

[Drawing 3] It is the outline sectional view showing the structure of a microwave installation aperture of the plasma-CVD 
equipment of an example 2. 

[Drawing 4] In conventional plasma treatment equipment, it is the graph which shows the high impurity concentration in Ti 
metal membrane at the time of forming Ti metal membrane, impressing RF to the microwave installation aperture made 
from a quartz. 

[Drawing 5] It is drawing explaining the trouble of the conventional plasma treatment approach, and drawing 5 (a) is the 
outline sectional view showing the condition of having carried out sequential formation of Ti metal membrane and the TiN 
film which contain oxygen on the impurity diffused layer of a semi-conductor substrate, and drawing 5 (b) is the outline 
sectional view showing the condition after silicide«ization-heat-treating this. 
[Description of Notations] 

I A plasma production room, 2 - Plasma treatment room 

II [ - The 1st gas installation hole, 15 / - The wall made from alumimium nitride, 16 / - A solenoid coil, 17 / - A quartz 
plate, 18 / ~ An alumimium nitride plate, 19 / - Cooling piping ] - Microwave waveguide, 12 - The microwave installation 
aperture made from alumimium nitride, 13 - An RF generator, 14 

21 [ - The 2nd gas installation hole 25 / - Flueing hole ] - A processed substrate, 22 - A substrate stage, 23 - An 
electromagnet, 24 

31 [ The film, 34 ~ TiOx The film, 35 - TiN film ] - An impurity diffused layer, 32 - Ti metal membrane, 33 containing 
oxygen TiSi2 
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